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(57) [gift] 

[iiicpuKi^ny^m-t: x^m** * u 

C P U 2 ^WSRAMTF UXrt* 1 
4t»Ul 10U-f^^SfKLRAM4^VRAM 

RAMf-^17t ftS^X 1 1 OUPCt— 
(tIL^^RAMf-7^77rl 8£WU DM 
AiEiSff#t;rtg|5A'x 1 1 £^LTRAM4c7)7?-fcX£ 
"Ttgi: LTV^S. ifc, DMAfeiMB#fc(2CPU<7)?n 
■y ? £#ih-f S CI t 0 , CP imi*t4**J 




(2) 



Jftiff 10-21184 



ivt cowiz , friBc put mjiimwk emitmm-th 

lufE^U^ri^XA7J(4, lulECPU^TK^X 

i&zti, mix* u fcfriac pu^-^vsxttifrfa^i 
d m a|kSb§. iuta»^ frLTiuia^^ y 

^^frf-SROMi:, 

mmms&k. 
^xmmmt, 

wmmk, 
xt. 

HuiE**M^ii#s^'itria r o m t aj r o m r 

MIER O M^MIE**MEMH#St ffiTTfS R O Mr 

mtt&MMmm^f&mm ramc^^ramt 

Ml E**M SM^S fTlE R A M £ mm-f h R A M f* 

friEcti^^a^g^ffi^-f s r am r y vx t mm 

k CO i }~fili)^j) It mStt SRAM7 Yl-X'M 

ixmm-t&^&k. 

TwIElW ^Sr-^LT, ffffERAMfc Mf aJ^flHB CO 

mx^A h*^VT7^xmmm%5 , 

Z. k ZHmt-tZ ■y7"7A ^nnyta- 

[ if *ii 3 ] ffiB^immm&mn ? n «y ? swig 
Ktf, w u r^^xSKji^^frfE^^m 

b-t&m$m 2 fEf^y y^f- 77?^o3y t * 

[f*&S4 3 mtta^HEMa^Sfi. frlERAMTK 
IsXJix, mMRAMTV Is XMIR^ M/MRA 
MT-^JiX^irlX. ffTlERAMS: 1 ?n-y?T"T:7 



[MffCOPIi^fFJ] 
[0001] 

-f ifnaytf.x— ?£BIU SCRI SCSCPUnr 
£ file L ^ V ^r v 7° v A 9 n a y b° * - ? coffifff 
§H7J D M AIM* 5S tM-f I, . 
[0002] 

[^*C0K»] DMA {¥AV?YX*VT?* 

x) mm*miLtz~?A7n?>v2.-?k lt, ma 

imm^2 - 2 4 4 3 1 2^-&f&t(4, r-^OSftfc 
gfftOPal (;^CPUiiiJ#LTV^V^) , CPUtO 

[00 03 ] 07(4, i*«DMArtI-/y^f77 
v^nayt o-MSr^-f 7"n >y 7 BTfc § . 
0 7 £ «fl> t , ^ifcjSE^Oa^S ( ITF r c P u j 
f:U-3 ) 1 0 Hi, A'xi 1 liifLX. 1 0 

2. CPU^n7»MIil0 3, ^y^97°h 

$ijffl@j?§i 0 4, ^yn^'J7n7 mr. d 

M A f: «rf ) @» 1 0 6 , U T^ilft 1 0 7 

mms& i o 9 nftji a(i. y u r/wimiss& 1 o 7 1 d 

MA0H1 0 6£SStt3*UO^. yUT^fflft0Kl 
0 7 WfliTJ b {±S?«|igiIIJB l 0 9 Hf#M$il, tBTJ c (i 
DMAEffil 0 6«gM§tlT^^ o 
[0 0 04] DMA0B1 0 6<7)ffi7Jd(i^UT;Hlfi 
UK 1 0 7 £f#li$^ fliTJ e iiJ*Xfflffl®& 1 0 5 £ 

:^it-r^ A-xM«0g§i 0 5wuymb 

ttiTJhiiCPUl 0 1 tff^sa, aiTJftt^y^^T 
MIJ»@£# 1 0 4 tgf^^T^S . y^TMOWH 

S&i0 4«>f y^7°!-ai7jjttcpui 0 

ttiTJ g Jic P u ^ n >y ?%MMfflm 1 0 3 tziSSBK 

[0005]CPU;n7 ^^»Jffl0li& 1 0 3 £14, 

c p ummm? 1 1 2 mmztixa 0 , ^ n « y ? 

tiJ7]ki4C PU 1 0 1 tff^Sil, ai7Jm{4A'X$[j«@ 

HI 0 5tSSHES#LTV^4. cpuioiwur^y 
U >y iSftj] iliCPU^n ^$(Jffl0£# 10 3, A V 9 
^ThM»HI8l 04, aVA'X$[j»@^l 0 5tff^ 

[00 06 ] ^«0£# 1 1 0 \Z\i , 7j< H H B Siti^ 1 1 3 # 
ffiisSilTfcO, tii7Jn(4DMA@^l 0 6, xUT/L- 
Mft0£&l 0 1 , ^fMli0£#l 0 9£ffiM§tlT^I> 0 

[00 07 ] ^£H7 £^t^DMAi*i^yy^;^v 
TW^nnyb^-^co»#&IFJt-|>o t^gflft 

[0008] mmmza^xM, cpui o ia, d 



(3) 



iff iff 10-21184 



M A@££ 106ty'J T>mmm% 1 0 7 D MAfejI 
[0009]SfcCPU101li, cpu^o 7 ^1 

io3t^n7 .cpu 

7n-y 7l«Jf«l 0 311 ^^^milm^fi 
LT^**ffflOT$ 1 0 3^kLh. 
[0010] A7§ijffll@££l 0 5(4, CPU101CS 
LA7y7x7f-m7Jh£mL. CPU101HWA' 

[0011] A77?7U «y^*i f: C PUfHB 

MfM£ 103(4CPU7n-y7 <?)3Ug * ff it L . ffifi 

[0012] Kl/nv^lilfti 
tLT^PSil, «3S3>f;H 14^£>A7J£*U>2:, 

^immmmmmz i o 9 t«t o ftsasfu 7 7 

^'J5M&1 0 8^X^2x4. 
[0013] 75 7"W.te@E 10 8(4, 75 7"T"!> 4 £ 

b mm-ti b , d MA^mm^r 1 * 7 u rum 
mm 107 1 dma@i i o 6 tegs . 

[0014]yiJ T^aft0E 1 0 7 (4 , 7 7 jS^ftfc 

^fi§tL4^7 7^ir<7)T-^& i^M hrfct* 

it, DMA0£#1 0 6^?II>o 
[0 0 15] DMAEIffil 0 6(4, 7U7/l/jlfllIIi®l 

0 7^^f-^^Ul 1 lfc^UXt'J 1 0 2^# 

[ 0 0 1 6 ] ^ LTX7 7 7 t75 ?"¥'J 

shus i o s (4 , >- u tameis i o 7 i: d m a mss 

1 0 6^®fi»T^m#*Si-6. 

[0017] gfliRT^m-f SrSftfcDMAIlIKH 0 6 
(4. A'7fflffl0S£ 1 0 5^DMA%{m7Zfcl. rt* 

Mfflwi 05(4. >fy?7 7°M&M[iis&i 04^\dm 
A^mm-iy^yrvmmm^-fh, 
[oois] ■iy^^rvm^mnz^y^yrm 
wm$& 1 0 a (4. c p u 7 n > y 7 imam 1 0 3 

fgfHI^}* ^ CP UfflyJ^fSfff 1 1 2 (4f»HH 

4H-S . CPU?n 7 ? fg»JflW 1 0 3 ii!Sffij&*£ 
£LfcJ:iWnv?iCPU10 l^ftTJU 
fflffHIJftl 0 5^CPU^n«y^*EB^Lfcif:*ei 
S o rtxfflfflmk 1 0 5 (4C P U 1 0 1 u 7 

[0 0 19] 4>?7Thfflffl®mi 0 4(4, CPU1 

o i i^wur^y u >/ 7'ft^-t4 dcpuioh 5 

A'7^®#L/i0^ai>fc^y^7Tb^CPUl 0 1 

t^LTaj^i-ri.. uLh^iat-rscifctio, cp 

Ul 0 l^iLT^Tkr-^Sfi^^fc^T- 
i^CPUl 0 UtgmifzZbZto&ZbtfX'Z 

1. 

[0020] <^zm\mm^z^xmm~th „ 

[0 0 2 1 ] CPU101I1 DMA0I&1 0 6fc7U 



T A }Ifl0^ 107J D M A|©I#^ fc-f 6 5 CPU1 
0 1(4. CPU^n7^»J»0SllO3, DMAS 
» 1 0 6 , U T/HlfiHI^ 1 0 7 fc*t L D M Ail 

[0022] DMASfl^Kr^Sft. CPU^C-7^ 
1 0 3 (4A7§iJfflM 1 0 5 [ZJ^eym* 

mtti. ms^mnz^mmm^i o 5(4^7 y 7 
xxMi-^cpui oibztfLxftjjlrtxZimi- 
h . a'xJ »f l> fc C P U 7 n >y 7^S$[Jffl0£# 1 0 
3(4fg®£pfitL, fMI€^-H^ 0 7U7A 
fi^HIBl 0 7(4X7-N777^ilfIL. SCDMA 
EIBl 0 6^7^ U 1 0 2^!^a}UcT-^£&^ 

cMft-f 6 ms^* 7-7 1 ^Ti* 7 ■; r 
ivmmm 1 0 7 i4x 7 k 7 7 /sssftti . 
[ 0 0 2 3 ] 7>j r^fiftM 1 0 1 a^mmmm 

[0024] iSm^T-TS t . DMA0B 1 0 6 (431 
f=$^T^A'7$lj»@^l 0 A'7$[j»@£#l 0 

5(4, A 7^77°M(JP0£#1 0 4t)Ifi^T^7^7 
7hg#£art\ ^7^7Thffl»E£#l 0 4!4CPU 
? n «y 7 IWJfflM 1 0 3 fcH»j< £ ffi-f . 

[002 5] CPU7n.y7?l»J1SP0Kl 0 3(4^® 
ZMte. ZffiffiSfc Lfc fc^TCPU10 1WD7 
?£ffi»U A7$MES# l 04^i5.;U 
$|J#I« 1 0 4(4A'7 U 7X7 h &S^L^'7^^f 
h . C P U 1 0 1 iO^WUT^ 7 U -y ^m#«¥i^ts 
it. 77 77° hMfflHUiS 1 0 4 (4C P U 1 0 1 (CiSft 

0 . CPU101 //ffiLT^T tr-7& m%th Z. 
bffX'%h, 
[0026] 

[%0>!*«l.4 o b-tmmi mLummntr 
mm^w\m^^Lx\^. 

[00 27 ] ( 1 ) m 1 <»Iif(4, C PUK^t 
yOT7-b77t°-K^3i^\ ZCT)fz 
ft. 1 7 n -y 7T«^I> RISCSCP 

U^ffifflLTt, 7^UT7^7t(4, 

SixS ; t t5r 0 , ^iOlSmc P uo^atgtJ^fi 

[0028] -^c?)aEfe(4 . C P U b 7 ^ U ^ffiOJHffl[M] 

^t^M^Win ix a 0 . p u £ 4 4 y. * u 

)Ha0£&(;»M§^l>^'7(4. ffiHH»^/h§<t-|>/i 
ftt. TK^7fcr-^i;&7';^7V77-riit 7 )^— 
i^fcS^TfcO, itttiO, 7^UT7^7tS7 
n>y7^gfc^l> 0 

[00 29 ] ( 2 ) H 2 7)|SIM*(4 . 7 U 7 /L-OMSfl 



(4) 



iftiH 1 10-21184 



p u <m&m:wm}}tM&iT-*htiiXb & . 
[0030] *-oa&ii, x u r^Tf-^/o «y 
m%mmmLxfrmji-& t x\ c p u^/rimi 

iV)2&H£i#>. CPU/\o^n-y^f*m^#±$ii--& 
^UT/L-OS^i^fi^T^ 
l>f§L CPUj&^£t;H?itt£. L#»*>, ^U7;K0jI 
SfI**7fJB^ C P Uffl7K B B H »7«^ffi^S^m s 

[0 0 3 1 ] Lfc^T, *Mf!(±, Jiia*1f fci^T 

-y ? T*T:7 -fe* W5r* ^ U i: ^MHIE^T. ffi£ 

-^Srtlffi-tSClfctfcS. *mii±. DMA 

c p uxrmtim^imt^ zbh smt 

s. 

[0 0 32] 

[ i»f$$Tl> ] mm a W SrBfig-f s 

ft, *»DMAf^l?^ ^nnyti-^d CP 

MIEC PU07F t MfBlW"^ 

i^ti^-*«K$tLTffi*&§n. friary tfriE 

C PUOr-^^'x(i|frlBp ( ggEA-x t^'-y 7 r ¥SSr^ 
LTffiM$tU DMAlKjiBt. firfEW^tf-LTfir 

[0 0 33] 

[0034] *mm±. znm Lvmmmm^z^ 

X, mi^mthb. CPU2^'ft#t§RAM7F 
l/XA'xi4t, »U1 lfDl^fl;6>£IIJRLTR 
AM4^\RAM7T^X1 6 LTffl^-f 
5 fc . RAMf-^A'X 1 7 ftgPAx 1 1 <?mX'T~ 

fjfU, DMASffc^fciiftl^'Xl 1^URAM4 

[0 0 3 5] -ttch-h, #wMcr>mmcoBmi / zi$& DM 

Aftf^^nnyt^-^i, CPU2L^^ 
«t"l>ROM3fc. r-^^fS^I>RAM4fc. >-U 
7/L-»fI@££9 h , DMA@j&8 t , AxfflfflM 7 
fc. fJD5i^J«0£#6fc. CPU?n-y?MfflM5 

t, ^mm^iok, cpu 2. s^ur;wi^iiiB9. 

? n -/ ?ffl«0£# 5 £»f £ 1U, C 
PU2£ i ROM3tft^l>ROM7^X;'vXl 2 



ROM3i i CPU2tffiMI.ROMf-^Ul 
3fc, CPU2**RAM4t{fi^Ji"4RAMrKU^>* 
XI 4b^ CPU2tRAM4 fc ^iitSRAMf- 
frtXHk. CPU2£Wrf-g>RAM7KPX14 
fc rtSllA** 1 1 fc W^^:tf £»f § RAM7 K 
I/Xji*K#J£ 15L RAMf-fA'x 1 7 fc 
1 l£f-^'.)r7r lS^^LTff^-fS^gt. £ 
fflli, l£tf-LT. RAM4fcyU7/WIfI 

0i& 9 cnmX\ D M AKM^T^tll, . 

[00 36 ] CPU?n.y?§IJ»@l$5(i, DMAil 
(fit, CPU2M*l&-fl,?n>y?£ffit$^l, 0 

[0037] CPU2I1 RAM7K1/^U14, R 
AMTKl^SSfcf&l 5, &V'RAMf-^'X17 
£tf"LT, fftL<ttRAM4£r 1 ?n>y?T7?-te7. 

[0038] 

[»fi« ] ±mifz*wmmmmmzmzmmizi& 
[0039] mmm 1 ] , #3&bji<os5 1 cohssm 

l ;'«Wif£S i) vi.M'-i''^ '"I J -v 7-7 i 7\T-n 

t o o 4 o ] m i t . ^mimizti^xit. 

i/y?M- v~r~?A ^n3yh°A-^l|*i(5 f )CPU2 
(i. ROM7Kl/XA'X12, ROMf-^13S 
^LTROM3if#M$tlTl^ 0 ist, CPU2I1 
RAMTHl^^Ul 4. 1 6, ^W-rWm 5, 
RAMf-^U 1 7 &^LTRAM4 
S t Stt, CPU2I1 A'Xl l^UCPU^n 

KXV^h 0 WUl 1 t RAMf-^A'X 1 7(iRA 
Mf-^ 7 7rl8^LTgiUu|, 0 
[004 1 ] 7/^X^7 2 lK^y'JT^A 
1h a K & V'ffi^i 1 2 2 ^ U T)V&ft a 2 (i , y 

U 7;t^afI[MliK 9 ixT U 7;«fI0£# 

90^U7/WIfi/gfI^Tai^a3{i, D MA0B8 
Wfit§^TV^ 0 DMAW8(0DMAf-^Xhn 
^I?a4ll ^U7^afi0£#9tfSM§^l. tiiTJ 
D M A U ^ XX h ff^- a 5 « ^ Effi 7 (CftM § 

fL, ^DMAMOji^'fl^a 1 li±, flJO^SOWH 

[0042] A'X|IJffl0£&7 OD MAT^y U -y ^ff^ 
a 6 {.± , C P U 2 , at,q ) VI A ls|f S 8 (Uf k 5 i IT 
0. CPU^n-y^ff±fi-^-a 1 Oti, CPU 2. XtX 
CPU^n > y ?3HjfflM 5 tfSMS^iT Ul> „ f J 0 ii^ 
6 <7M 0 U ? XX h fg^- a 8 ti , C P U 2 
tffiic§tLTV^ 0 

[0043] CPU?n-y?|g}gfflf«5^CPU? 



(5) 



iff iff 10-21184 



n-y?ft7Ja7(4, CPU2fcjf$^iVO^, CPU 
2 «f J 0 }A^7 9 J U >y ^ft^- a 9 (4 . f J 0 ii^MfP0 

19«f22, 2 3^^LT«^$ilTfe l 9. yXf 
i^n-y?a 1 2(4ROM3. RAM4. RAMf-f 
A-77T18, CPU?n-y?ffl«01$5. fJ03i^ffl 
fflTO 6 , ; S'X§IJ»@E 7 , D M A SB 8 , SCJ-v U 7 

[0044] *S»Jfc±fEf£*&«i: Oi^ffliS* 
(4, *SlfitW=fc^Ti4, CPU2tRAM4t*\ ft 
SPA** 1 1 fcaSfJfPDRAM-f'-^^^ 1 7T"gic§tLT 
feO. RAMf-^Ul 7i:ftg|SK.xi 1 t^'RAM 

S. 

[0 04 5] ttz. RAM4(DTVU^t LX , CPU 
2^'ttJ^-fl.TKPXA'xi 4fcfti5^'Xl 1 

[0 04 6] &fc02O?-Y 5 >-?>-v- 1-2:113 07 

[0047] CPU2i4, ROM3tStt5nfc#^t 
fiM, SftT-^^'fSttt-|>RAM4 0lS^7KP 
atflEiSAM bft£DMA|l|»8fc:ift5&tS (03 

©ri). M2<d94 s.yy'i-^-hX'iz. hk&7T*u 

[ 0 0 4 8 ] C P U 2 K«fc 9 J'U 7/WH1 0»9 £gfl 
HF"PKJBt lt& * SffP 2 1 & >J T)VX~h a 1 ifiX 

3«r2) . 

[0049] y'J T/USm**iR7-r-5 fc, i^U 7;Hlft 
0S# 9 iigff^T a 3 £ D M A @f£ 8 fc*f LT tfctj-f 4 
(03Or 3) . 

[0 0 5 0] ^;fl£gftT. DMA0S&8J4, DMA 'J 

miTiz. fti^xi lwizwrtv&m&L. dm 

AAx+M^/I^gftttft^ (H3(7)r4) DM 
-yi?a 6SrDMA@g#8C CPU^n^ 
#iHI^al0K CPU2^CPU7n>y?§IJfP|I| 

[0 0 5 1 ] CPU7nv?Mffl«5T14. CPU^ 
n >y ?#iHl^a 1 0 0 C P U 2 CPU 
?n«y?a7£4?n«y?<75BL #lh§-£$. CPU2 
(4. CPU?n-y?ffiHI^-a 1 OtfT 97-4 70)!$* 
ftgH^'Xl l£, DMA7VJ7ya6i 5 7^f^' 

«r H i RAMf-^ui 7 ^mmLtz^mx'W±~th 

(H30r 5 ) . 

[0 0 5 2] DMAM8!t 1 b RAMf 

-?^Xl7imik^tlfzWm (H2«T1-T4# 
HB) ^tL^<7)Ax£ffl^TRAM4£^>-y7^M 



fI@S#9^T-^OteiI£tf^5 0 TP RtfT2<0HB 
HL DMA0j$8(4ft§P;*Ul ltfftCPUCtot 
ISSSixT R AM 4 K U-X S A 1 £ tfj-jj-f !> 
(03»r6 ) . ?/I/f7l/^f 1 5(4, A'Xl l_h<7) 
7FWSAl^A' 7 7ry y L . T 1 c?)¥lf 4 
? o 7^tSRAM7 HW16fcrHWSAljajA 

its. 

[00 53 ] DMA0H8I1 T3, &t/T 4 OS^lt 
DMAf-^bn-^a4*yy 7/WIfI0l$ 9 1 ffi 
itrtS. ^U7/WIfl@i$9i4. £?>8II§|gflT-?s 
Dl£ftg&AXl lttfrfrtS (H3^r7) . 

[0 0 54] RAMf-^<77rl8li, ftgP^'X 1 

l^gflr'-^SD 1 J5l^l^RAMf-^Ul 
7^ajjjt-^ 0 Mzk^, RAM4tOTKUXSAl 
^.mtT~SSDltm^TktfLh (a3«r8) . 

[00 5 5 ] DMA0g#8T14. ^DMAlsitii 
RAMi7)7Fl/XjHy7^yM, $Si@i5T 

[00 56 ] £*rC 1 HJODMAKiStijRT-f S . 
SlJffl@J?§7{4CPU^n.y^#ihfI-^a 1 0£^ V7? 
fO'tU C P U 7 n -y ?MflJ 0B& 5 !4C P U 2 ^ 
717.7 7lJ';^-»«> (33?)r 9) 

[0057] ^ < mm<r>DMAmmm-rLx\^^K 
aim, xi]ifihitt£i'VT)v§m*mm-h. a 

03<9r2*»6r 1 OHftOi&f. 

[0058] fU£0»?)D M AKiS**»T-r S ( 0 2 T 
}4n0) fc. DMA0B8J4. M 9 fi^fflffll 6 Kgfi^ 
TWOS* a 1 1 grftTJ-f & (03Or 11). 

[00 59 ] SO 9 6 {4 . C P U 2 £ jpj 9 ji 

^U^XXba8£fH7J^-&o CPU2(4SiJ0ii^£S 

@»6t:EB^-tS (03«rl2) . 

[0060] ^4o^^ sym-itasw 

■5 0 

[00 6 1 ] CPU2I1 ROM 3 foMiZtltlfi&fc 
m^X, jlftr- ^ ilT ^ S R A M 4 O^feT 

(H5<7)t 1 ) . m4<?)?4 Sy^^-bT-(4. Irlfe 

[0062] CPU2tJ;l»fgjE^TtJ; 0, D MA@ 
»8fi. D MA U b a 5 £^'X$[Jffl0£#7 ttiiTJ 

•th. ^'X$[Jffl0^7T"(4. »^1 l^)^'X-tf^7 

;t-£P#LDMAA'x-tf-f ^m^fWftzm (H5to 

t2) DMAT^yj •y> f a6£DMA0&&t;:. C 
PU;nv?#jtifa 1 0£CPU2. at>"CPU7 
n.y7§IJP@^5tffi7J^I»o 

[00 63 ] CPU7n-y7§M0lf^5T"(4. CPU/ 7 
O >y 7#±fl^-a 1 0 IZ X 0 C P U 2 W±fet-|> CPU 



(6) 



iftiH 1 10-21184 



?n.y?a7£4?n.y?rBl#itS^!> 0 CPU2ii. 
C P U 9 n >y 7 #lHI^ alO^f^ 7"«Pb1|W ^ - 
XI 1 DMAT^/U -y bftT^fl 

7£jS?&LfcWC#ih-f& (H5<7) 

t3) . 

[0 0 64] DMA|UM&8(i, 1 1 t RAMf 

-^A'X 1 ItfffiW&trfm^ (04OT1-T4 ) 

M4^T-^^$Eil^ff : Sra o TL &V'T2^a|^. 
DMAW8(i»Ul lCfftCPUtioTRg 
§tlTUl>RAM4«TK^XSAl ^ffi^fS (05 
(7)t4 ) . 5(i, A* 1 liWFI/ 

XSA1^77ry^'L, T 1 <m\Zfrt> 4 ? n -y 
^PhIRAMTHPXI 6C7KI/XSA 1 fctfcfrti,. 
[0 0 6 5] RAM4I1 T V VX S A 1 COiMfir— ^ 
SDURAMf-^Ul 7£Jii:frf4. RAMf- 
^A'.y7 T 18i±, T3, S.V'T4^fi|ralRAMf ; -^ 
A'X 1 7±«tT-^ S D 1 fcftglLKx 1 1 (Cfii^-r 
S (05<7)t 5 ) . 

[0 0 6 6] DMA@E8(4, T4tfO^I3lCDMAT- 
fc, ^ODMAiEilt'dx.T RAM<7)7 Kl/XS: Hy 

[0 0 67] ^yr^afIEl§9(±, DMAf-^X h 

n-7" a 4 t i "9 , 1 1 a^ssftr-* S D 1 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a microcomputer which can perform the 
fast DMA transfer between a memory that can be accessed by a CPU with a 
single clock and every peripheral circuit. 

SOLUTION: A multiplexer 15 selects a RAM address bus 14 or an internal bus 
1 1 which is outputted from a CPU 2 and outputs the selected bus to a RAM 4 as 
a RAM address 16, and a RAM data buffer 18 which transfers data between a 
RAM data bus 17 and the bus 11. Thus, the RAM 4 can be accessed via the bus 



11 in in a DMA transfer state. Furthermore, the clock of the CPU 2 is stopped in 
the DMA transfer state and therefore the power consumption of the CPU 2 is 
reduced. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It considers as the configuration which connects between CPU and the 
memory in which access of data is performed by bus where the internal bus 
which connects between said CPUs and peripheral devices is another. The 
address input to said memory The address bus output of said CPU and either of 
said internal buses are chosen and supplied. The data bus of said memory and 
said CPU is a single chip microcomputer with built-in DMA which is connected 
with said internal bus through a buffer means, and is characterized by accessing 
said memory through said internal bus at the time of a DMA transfer. 
[Claim 2] A central data-processing means, ROM which stores an instruction, 
and RAM which stores data, A circumference circuit, a Direct-Memory-Access 
circuit, a bus control circuit, and an interrupt control circuit, The clock control 
circuit, the oscillator circuit, and said central data-processing means for said 
central data-processing means, The internal bus which connects said 
circumference circuit, said Direct-Memory-Access circuit, said bus control circuit, 
said interrupt control circuit, and said clock control circuit, The ROM address bus 
which said central data-processing means outputs to said ROM, The ROM data 
bus which said ROM outputs to said central data-processing means, The RAM 
address bus which said central data-processing means outputs to said RAM, The 
RAM data bus which connects said central data-processing means and said 
RAM, A RAM address selection means to choose either of the RAM address 
which said central data-processing means outputs, and said internal bus, The 
single chip microcomputer characterized by what it has a means to connect said 
RAM data bus and internal bus through a data buffer, and a Direct-Memory- 
Access transfer is performed for between said RAM and said circumference 
circuits through said internal bus. 

[Claim 3] The single chip microcomputer according to claim 2 with which the 
clock control circuit for said central data-processing means is characterized by 



what the clock supplied during a Direct-Memory-Access transfer to said central 
data-processing means is stopped for. 

[Claim 4] Said central data-processing means is a single chip microcomputer 
according to claim 2 characterized by what said RAM is accessed for with one 
clock through said RAM address bus, said RAM address selection means, and 
said RAM data bus. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the low-power DMA 
control system of the single chip microcomputer which contained the RISC mold 
core based CPU about a single chip microcomputer. 
[0002] 

[Description of the Prior Art] Conventionally, the low-power portable information 
device with which the transfer of a stop and long duration was also made to 
oscillate the clock of CPU with a low power is proposed by JP, 2-24431 2,A during 
transmission of data, and reception (CPU is not operating in the meantime) as a 



microcomputer which contained the DMA (Direct Memory Access) function. 
[0003] Drawing 7 is the block diagram showing an example of the conventional 
single chip microcomputer with built-in DMA. Reference of drawing 7 connects 
arithmetic and program control (henceforth "CPU") 101 to memory 102, the CPU 
clock oscillation control circuit 103, the interrupt control circuit 104, the Direct- 
Memory-Access (DMA is called hereafter) circuit 106, and the serial 
communication circuit 1 07 through the bus 111. The output a of the strange 
demodulator circuit 109 connected to the transfer coil 1 14 is connected to the 
serial communication circuit 107 and the DMA circuit 106. The output b of the 
serial communication circuit 107 is connected to the strange demodulator circuit 
109, and the output c is connected to the DMA circuit 106. 
[0004] The output d of the DMA circuit 106 is connected to the serial 
communication circuit 107, and the output e is connected to the bus control 
circuit 105. The BASURI QUEST output h of the bus control circuit 105 is 
connected to CPU 101, and the output f is connected to the interrupt control 
circuit 104. The interrupt output j of the in RAPUTO control circuit 104 is 
connected to CPU 101, and the output g is connected to the CPU clock oscillation 
control circuit 103. 

[0005] The quartz resonator 1 12 for CPU is connected to the CPU clock 
oscillation control circuit 103, the clock output k is connected to CPU 101, and the 
output m is connected to the bus control circuit 105. The bus acknowledgement 
output i of CPU 101 is connected to the CPU clock control circuit 103, the 
interrupt control circuit 104, and the bus control circuit 105. 
[0006] The quartz resonator 1 13 is connected to the oscillator circuit 110, and the 
output n is connected to the DMA circuit 106, the serial communication circuit 
101, and the strange demodulator circuit 109. 

[0007] Next, actuation of the single chip microcomputer with built-in DMA shown 
in drawing 7 is explained. Reception actuation is explained first. 
[0008] In reception actuation, CPU101 makes the DMA circuit 106 and the serial 
communication circuit 107 the waiting for a DMA transfer. 



[0009] Next, CPU 101 executes clock stop instruction to the CPU clock oscillation 

control circuit 103. The CPU clock oscillation control circuit 103 transmits the 

instruction to the bus control circuit 105 through an output m. 

[0010] The bus control circuit 105 takes out the BASURI QUEST output h to 

CPU 101, and waits for the bus acknowledgement i from CPU 101. 

[001 1] If the bus acknowledgement i is received, the CPU oscillation control 

circuit 103 will suspend the oscillation of a CPU clock, and will serve as low 

consumed-electric-current mode. 

[0012] this condition -- a transfer block -- electromagnetism -- if it becomes 
irregular as a signal wave form and is inputted from the transfer coil 1 14, it will 
get over by the strange demodulator circuit 109, and that signal wave form will be 
inputted into the flag judging circuit 108. 

[0013] A check of that the flag judging circuit 108 is a flag sends the signal I of 
DMA reception authorization to the serial communication circuit 107 and the 
DMA circuit 106. 

[0014] The serial communication circuit 107 divides the data to the following flag 
received after a flag for every byte, and sends them to the DMA circuit 106. 
[0015] The DMA circuit 106 writes the data from the serial communication circuit 
1 07 in memory 1 02 through a bus 111. 

[0016] And if an end flag is received, the flag judging circuit 108 will tell the signal 
of reception termination to the serial communication circuit 107 and the DMA 
circuit 106. 

[0017] The carrier beam DMA circuit 106 tells DMA reception termination for the 
signal of reception termination to the bus control circuit 105, and the bus control 
circuit 105 sends out a DMA reception termination interrupt demand to the 
interrupt control circuit 104. 

[0018] The carrier beam interrupt control circuit 104 starts an oscillation signal to 
the CPU clock oscillation control circuit 103, and delivery and the quartz 
resonator 1 1 2 for CPU start an oscillation for an interrupt demand. It tells that the 
CPU clock oscillation control circuit 103 outputted the clock to CPU 101 in the 



place by which the oscillation was stabilized, and outputted the CPU clock to the 
bus control circuit 105. The bus control circuit 105 checks that the clock has been 
outputted to CPU 101, drops BASURI QUEST, and opens a bus. 
[0019] The interrupt control circuit 104 will output interrupt to CPU 101, if it gets to 
know that CPU 101 gained the bus with the bus acknowledgement signal from 
CPU 101. By making it above, it can know could receive data, even if CPU 101 
had stopped, and having received CPU101. 
[0020] Next, the case of transmission is explained. 

[0021] CPU101 makes the DMA circuit 106 and the serial communication circuit 
107 the waiting for a DMA transfer. CPU101 sends a DMA SEND statement to 
the CPU clock oscillation control circuit 103, the DMA circuit 106, and the serial 
communication circuit 107. 

[0022] The CPU clock oscillation control circuit 103 requires acquisition of a bus 
of the bus control circuit 105 in response to a DMA SEND statement. The carrier 
beam bus control circuit 105 outputs a BASURI QUEST signal for a demand to 
CPU101, and a bus is gained. If a bus is gained, the CPU clock oscillation control 
circuit 103 will suspend an oscillation, and will become low-power mode. The 
serial communication circuit 107 transmits a start flag, and transmits the data 
which the DMA circuit 106 read from memory 102 next one after another. If it 
finishes sending all the data that should be sent, the serial sending circuit 107 will 
transmit an end flag. 

[0023] The output of the serial communication circuit 101 is modulated by the 
wave which can be transmitted with the transfer coil 1 14 by the strange 
demodulator circuit 109. 

[0024] After transmission is completed, the DMA circuit 106 tells transmitting 
termination to the bus control circuit 105, and the bus control circuit 105 gives a 
transmitting termination interrupt demand to the interrupt control circuit 104. The 
interrupt control circuit 104 gives an oscillation demand to the CPU clock 
oscillation control circuit 103. 

[0025] The CPU clock oscillation control circuit 103 supplies a clock to CPU 101 



in the place by which initiation and an oscillation were stabilized in the oscillation, 
and tells it to the bus control circuit 104. The bus control circuit 104 cancels 
BASURI QUEST, and releases a bus. The interrupt control circuit 104 takes out 
transmitting termination interrupt to CPU101 in response to the bus 
acknowledgement signal discharge from CPU 101. By making it above, even if 
CPU101 has stopped, data can be transmitted. 
[0026] 

[Problem(s) to be Solved by the Invention] The above-mentioned conventional 
technique has the trouble of the following publication. 

[0027] (1) The 1st trouble is a point that the access speed of the memory from 
CPU is slow. For this reason, even if it uses the RISC mold CPU which 
processes one instruction with one clock, a number clock will be needed for 
memory access and, as a result, the throughput of CPU declines. 
[0028] The reason is because CPU and memory are connected by other 
circumference circuits and common bus. To this common bus, load carrying 
capacity, such as wiring capacity and an input capacitance by each 
circumference circuit, has added, and this causes speed lowering of the memory 
access by CPU into it. Moreover, in order that the bus connected to each 
circumference circuit may make wiring area small, it is made general to carry out 
the multiplexer of the address and the data, and, thereby, a number clock is 
needed for memory access. 

[0029] (2) The 2nd trouble is a point that CPU's being unable to perform other 
processings at all and the synthetic throughput of CPU decline during serial 
transmission and reception. 

[0030] The reason is serial, and it is for stopping a stop and the clock supply to 
CPU for the oscillation of the quartz resonator for CPU after starting transmission 
and reception of a data block until it ends. For this reason, while performing serial 
transmission and reception, CPU stops thoroughly. And in order for the 
oscillation stability of the quartz resonator for CPU to take the time amount for 
several ms after serial transceiver termination, CPU stops also in the meantime. 



[0031] Therefore, this invention is made in view of the above-mentioned situation, 
and the object is in offering the microcomputer which made it possible to perform 
a high-speed DMA transfer between accessible memory and each accessible 
circumference circuit with one clock from CPU. Furthermore, this invention also 
makes it the object to reduce the power consumed by CPU by suspending the 
clock of CPU at the time of a DMA transfer. 
[0032] 

[Means for Solving the Problem] In order to attain said object, the microcomputer 
with built-in DMA of this invention It considers as the configuration which 
connects between CPU and the memory in which access of data is performed by 
bus where the internal bus which connects between said CPUs and peripheral 
devices is another. The address input to said memory The address bus output of 
said CPU and either of said internal buses are chosen and supplied, the data bus 
of said memory and said CPU is connected with said internal bus through a 
buffer means, and it is characterized by accessing said memory through said 
internal bus at the time of a DMA transfer. 
[0033] 

[Embodiment of the Invention] The example which explains more concretely the 
gestalt of desirable operation of this invention and the gestalt of operation is 
explained with reference to a drawing below. 

[0034] In the gestalt of the desirable operation, if drawing 1 is referred to, this 
invention is equipped with the RAM address bus 14 which CPU2 outputs, a 
selection means 1 5 to choose either of the internal buses 1 1 and to output to 
RAM4 as the RAM address 16, and the RAM data bus 17 and the RAM data 
buffer 18 which delivers data between internal buses 11, and is enabling access 
of RAM4 through the internal bus 1 1 at the time of a DMA transfer. Moreover, the 
clock of CPU2 is suspended at the time of a DMA transfer. 
[0035] Namely, the microcomputer with built-in DMA concerning the gestalt of 
operation of this invention CPU2, ROM3 which stores an instruction, and RAM4 
which stores data, The serial communication circuit 9, the DMA circuit 8, the bus 



control circuit 7, and the interrupt control circuit 6, The internal bus 1 1 which 
connects the CPU clock control circuit 5, an oscillator circuit 10, CPU2 and the 
serial communication circuit 9, the DMA circuit 8, the bus control circuit 7, the 
interrupt control circuit 6, and the clock control circuit 5, The ROM address bus 
12 which CPU2 outputs to ROM3, and the ROM data bus 13 which ROM3 
outputs to CPU2, The RAM data bus 17 to which CPU2 connects the RAM 
address bus 14 outputted to RAM4, and CPU2 and RAM4, A RAM address 
selection means 15 to choose either of the RAM addresses 14 and the internal 
buses 1 1 which CPU2 outputs, It has a means to connect an internal bus 1 1 with 
the RAM data bus 17 through a data buffer 18, and a DMA transfer is performed 
between RAM4 and the serial communication circuit 9 through an internal bus 11. 
[0036] The CPU clock control circuit 5 stops the clock supplied into a DMA 
transfer to CPU2. 

[0037] CPU2 accesses RAM4 with one clock preferably through the RAM 
address bus 14, the RAM address selection means 15, and the RAM data bus 17. 
[0038] 

[Example] The example of this invention is explained below with reference to a 
drawing that the gestalt of operation of above-mentioned this invention should be 
further explained to a detail. 

[0039] [Example 1] The 1st example of this invention is first explained with 
reference to a drawing. Drawing 1 is the block diagram showing the important 
section of the single chip microcomputer with built-in DMA concerning the 1st 
example of this invention. 

[0040] Reference of drawing 1 connects CPU2 in a single chip microcomputer 1 
with ROM3 through the ROM address bus 12 and the ROM data bus 13 in this 
example. Moreover, CPU2 is connected with RAM4 through the RAM address 
buses 14 and 16, the multiplexer 15, and the RAM data bus 17. Furthermore, 
CPU2 is connected to the CPU clock oscillation control circuit 5, the interrupt 
control circuit 6, the bus control circuit 7, the DMA circuit 8, and the serial 
communication circuit 9 through the bus 1 1 . The internal bus 1 1 and the RAM 



data bus 17 are connected through the RAM data buffer 18. 
[0041] The serial input a1 from the serial input terminal 21 and the serial output 
a2 to an output terminal 22 are connected to the serial communication circuit 9. 
The completion output a3 of serial transmission / reception of the serial 
communication circuit 9 is connected to the DMA circuit 8. The DMA data strobe 
signal a4 of the DMA circuit 8 is connected to the serial communication circuit 9, 
the output DMA request signal a5 is connected to the bus control circuit 7, and 
the output DMA interruput signal a1 1 is connected to the interrupt control circuit 6. 
[0042] The DMA acknowledgement signal a6 of the bus control circuit 7 is 
connected to CPU2 and the DMA circuit 8, and the CPU clock stop signal a10 is 
connected to CPU2 and the CPU clock control circuit 5. The interruption request 
signal a8 of the interrupt control circuit 6 is connected to CPU2. 
[0043] The CPU clock output a7 of the CPU clock oscillation control circuit 5 is 
connected to CPU2. The interruption acknowledgement signal a9 of CPU2 is 
connected to the interrupt control circuit 6. The quartz resonator 19 is connected 
to the oscillator circuit 10 through terminals 22 and 23, and the system clock a12 
is connected to ROM3, RAM4, the RAM data buffer 18, the CPU clock control 
circuit 5, the interrupt control circuit 6, the bus control circuit 7, the DMA circuit 8, 
and the serial communication circuit 9. 

[0044] The internal bus 1 1 of the main points of difference between this example 
and the above-mentioned conventional technique is the point that connect with 
RAM data bus 17 in this example where CPU2 and RAM4 are another, and the 
RAM data bus 17 and the internal bus 11 are connected through a RAM data 
buffer. 

[0045] Moreover, it is the point of having connected the address bus 16 which 
switched the address bus 14 which CPU2 outputs, and the internal bus 1 1 by the 
multiplexer 15 as the address of RAM4. 

[0046] Next, actuation at the time of reception of this example is explained using 

the timing chart of drawing 2 , and the flow chart of drawing 3 . 

[0047] CPU2 sets the starting address and transfer byte count of RAM4 which 



received data store as the DMA circuit 8 according to the instruction stored in 
ROM3 (r1 of drawing 3 ). In the timing chart of drawing 2 , a starting address is 
set to SA1 and the transfer byte count is set to n. 

[0048] If a serial input a1 is inputted from a terminal 21 after making the serial 
communication circuit 9 into a receiving authorized state by CPU2, the serial 
communication circuit 9 will start reception (r2 of drawing 3 ). 
[0049] After serial reception is completed, the serial communication circuit 9 
outputs the completion a3 of reception to the DMA circuit 8 (r3 of drawing 3 ). 
[0050] In response, the DMA circuit 8 outputs the DMA request a5 to the bus 
control circuit 7. In the bus control circuit 7, when the bus cycle of an internal bus 
1 1 is arbitrated and a DMA bus cycle is received (r4 of drawing 3 ), the DMA 
acknowledgement a6 is outputted to the DMA circuit 8, and the CPU clock stop 
signal a10 is outputted to CPU2 and the CPU clock control circuit 5. 
[0051] In the CPU clock control circuit 5, the CPU clock a7 supplied to CPU2 with 
the CPU clock stop signal a10 is stopped between four clocks. While the CPU 
clock stop signal a10 is active, CPU2 stops, where the RAM data bus 17 is 
released for an internal bus 1 1 , while the DMA acknowledgement a6 was active 
(r5 of drawing 3 ). 

[0052] The DMA circuit 8 uses these buses for the period (refer to T1 of drawing 
2 - T four) when the internal bus 1 1 and the RAM data bus 17 were released, and 
performs a data transfer from RAM4 to the serial communication circuit 9 at it. 
The period of T1 and T2 and the DMA circuit 8 output the address SA 1 of RAM4 
beforehand set as the internal bus 1 1 by CPU (r6 of drawing 3 ). A multiplexer 15 
buffers the address SA 1 on a bus 11, and outputs the address SA 1 to the RAM 
address 16 between 4 clocks from the middle of T1. 
[0053] The DMA circuit 8 outputs the DMA data strobe a4 to the serial 
communication circuit 9 at T3 and the period of T four. The serial communication 
circuit 9 outputs this period received-data SD1 to an internal bus 1 1 (r7 of 
drawing 3 ). 

[0054] The RAM data buffer 18 takes over received-data SD1 from an internal 



bus 11, and outputs it to the RAM data bus 17. Thereby, received-data SD1 is 
written in the address SA 1 of RAM4 (r8 of drawing 3 ). 
[0055] In the DMA circuit 8, it prepares for the following DMA transfer, the 
address of RAM is incremented one time, and 1 decrement of the counter which 
shows the count of a transfer is carried out. 

[0056] 1 time of a DMA transfer is ended now. The bus control circuit 7 makes 

inactive the CPU clock stop signal a10, and the CPU clock control circuit 5 

resumes the clock supply to CPU2 (r9 of drawing 3 ). 

[0057] If the DMA transfer of the count of assignment is not completed, if the 

serial communication circuit 9 has waiting and an input in the serial input a1 from 

a terminal 21, it will start serial reception. Henceforth, r2 to r10 of drawing 3 is 

repeated. 

[0058] the DMA transfer of the count of assignment - ending ( drawing 2 n times) 
-- the DMA circuit 8 outputs the completion interruption a1 1 of reception to 
interrupt control 6 (r1 1 of drawing 3 ). 

[0059] The interrupt control circuit 6 interrupts CPU2, and outputs a request a8. 
CPU2 will output the interruption acknowledgement a9 to the interrupt control 
circuit 6, if interruption is received (r12 of drawing 3 ). 

[0060] Next, actuation at the time of transmission is explained using the timing 
chart of drawing 4 , and the flow chart of drawing 5 . 

[0061] CPU2 sets the starting address and transfer byte count of RAM4 in which 
the transmit data is stored as the DMA circuit 8 according to the instruction 
stored in ROM3 (t1 of drawing 5 ). In the timing chart of drawing 4 , a starting 
address is set to SA1 and the transfer byte count is set to n. 
[0062] By the completion of setting out by CPU2, the DMA circuit 8 outputs the 
DMA request a5 to the bus control circuit 7. In the bus control circuit 7, when the 
bus cycle of an internal bus 1 1 is arbitrated and a DMA bus cycle is received (t2 
of drawing 5 ), the DMA acknowledgement a6 is outputted to a DMA circuit, and 
the CPU clock stop signal a10 is outputted to CPU2 and the CPU clock control 
circuit 5. 



[0063] In the CPU clock control circuit 5, the CPU clock a7 supplied to CPU2 with 
the CPU clock stop signal a10 is stopped between 4 clocks. While the CPU clock 
stop signal a10 is active, CPU2 stops, where the RAM data bus 17 is released 
for an internal bus 1 1 while the DMA acknowledgement a6 was active (t3 of 
drawing 5 ). 

[0064] The DMA circuit 8 uses these buses for the period (T1 of drawing 4 - T 
four) when the internal bus 1 1 and the RAM data bus 17 were released, and 
performs a data transfer from the serial communication circuit 9 to RAM4 at it. 
The period of T1 and 12 and the DMA circuit 8 output the address SA 1 of RAM4 
beforehand set as the internal bus 11 by CPU (t4 of drawing 5 ). A multiplexer 15 
buffers the address SA 1 on a bus 11, and outputs the address SA 1 to the RAM 
address 16 between 4 clocks from the middle of T1. 

[0065] RAM4 outputs transmit data SD1 of the address SA 1 to the RAM data 
bus 17. The RAM data buffer 18 outputs T3 and transmit data SD1 on the period 
RAM data bus 17 of T four to an internal bus 1 1 (t5 of drawing 5 ). 
[0066] The DMA circuit 8 outputs the DMA data strobe a4 to the serial 
communication circuit 9 at the period of T four. Moreover, in preparation for the 
following DMA transfer, the address of RAM is incremented one time, and 1 
decrement of the counter which shows the count of a transfer is carried out. 
[0067] The serial communication circuit 9 takes over transmit data SD1 from an 
internal bus 1 1 by the DMA data strobe a4 (t6 of drawing 5 ). 
[0068] 1 time of a DMA transfer is ended now. The bus control circuit 7 makes 
inactive the CPU clock stop signal a10, and the CPU clock control circuit 5 
resumes the clock supply to CPU2 (t7 of drawing 5 ). 

[0069] The serial communication circuit 9 is outputted to a terminal 20 by making 
the taken-over data into a serial output a2 (t8 of drawing 5 ). After a serial output 
is completed, the serial communication circuit 9 outputs the completion a3 of 
transmitting to the DMA circuit 8 (t9 of drawing 5 ). 

[0070] The DMA circuit 8 outputs the DMA request a5 to the bus control circuit 7, 
if the DMA transfer of the count of assignment is not completed (t1 1 of drawing 



5 ). Henceforth, t2 to t10 of drawing 5 is repeated. 

[0071] the DMA transfer of the count of assignment - ending ( drawing 4 n times) 
- the DMA circuit 8 outputs the completion interruption a1 1 of transmitting to 
interrupt control 6 (t12 of drawing 5 ). The interrupt control circuit 6 interrupts 
CPU2, and outputs a request a8. CPU2 will output the interruption 
acknowledgement a9 to the interrupt control circuit 6, if interruption is received 
(t13 of drawing 5 ). 

[0072] Next, the 2nd example of this invention is explained with reference to a 
drawing. Drawing 6 is the block diagram showing the important section of the 
single chip microcomputer with built-in DMA concerning the 2nd example of this 
invention. The point of difference with said 1st example is a point which builds in 
the DMA circuit 81 corresponding to two or more circumference circuits 91-99 
where a microcomputer 50 is set as the object of DMA, and two or more 
circumference circuits 91-99. 

[0073] The circumference circuits 91-99 outputted the DMA request signals a31- 
a39 to the DMA circuit 8, respectively, and have inputted the DMA strobe signals 
a41-a49 from the DMA circuit 8. Moreover, signals a21-a29 were outputted to 
terminals 61-69, respectively, and signals a51-a59 are inputted from terminals 
71-79. The circumference circuit here has pointed out a parallel communication 
circuit, an A/D converter, D/A converters including a serial communication circuit, 
etc. 

[0074] Since other configurations are made to be the same as that of said 1st 
example, the explanation is omitted. 

[0075] Next, actuation of this example is explained. In addition, below, it carries 
out only about a point of difference with actuation of said 1st example. 
[0076] CPU2 sets the starting address and transfer byte count of RAM4 as the 
DMA circuit 81 to each of the circumference circuits 91-99. The DMA circuit 81 
shown in drawing 6 arbitrates the DMA request signals a31-a39 from two or more 
circumference circuits 91-99, and receives one DMA request. The DMA request 
which was not received is suspended and is set as the object of the next 



mediation. The DMA circuit 81 performs a DMA transfer between RAM4 like the 
operation gestalt 1 to the received circumference circuit. 

[0077] For example, suppose that the circumference circuit 95 was received here. 
The DMA circuit 81 outputs the DMA request a5 to the bus control circuit 7. If the 
bus control circuit 7 outputs the DMA acknowledgement a6, the DMA circuit 81 
will output the RAM address corresponding to the circumference circuit 95 on an 
internal bus 11. Outputting the DMA data strobe a45 to the circumference circuit 
95 in the case of the DMA transfer from the circumference circuit 95 to RAM4, 
the circumference circuit 95 outputs data on a bus 11. 
[0078] The RAM data buffer 18 outputs the data on a bus 1 1 to the RAM data 
bus 17, and data are written in RAM4. On the contrary, in the case of the DMA 
transfer from RAM4 to the circumference circuit 95, the RAM data buffer 18 
outputs the data of the RAM data bus 1 7 on a bus 1 1 . 

[0079] The DMA circuit 81 outputs the DMA data strobe a45 to the circumference 
circuit 95, and the data on a bus 1 1 are written in the circumference circuit 95. 
[0080] After 1 time of a DMA transfer is completed, the DMA circuit 81 arbitrates 
the DMA request under hold, and chooses one demand. Hereafter, a DMA 
transfer and mediation are repeated and the DMA transfer to all DMA requests is 
performed. 
[0081] 

[Effect of the Invention] As explained above, according to the single chip 
microcomputer with built-in DMA of this invention, the DMA transfer of data is 
made per time (for example, four clocks) between accessible RAM and each 
accessible circumference circuit with one clock from CPU. Moreover, at the time 
of a DMA transfer, the effectiveness of reducing the power consumed by CPU 
also does so by suspending the clock of CPU. 

[0082] In the microcomputer of the above-mentioned conventional technique, 
since CPU stops until a series of DMA transfers are completed from the time of 
initiation of a DMA transfer and the quartz resonator for CPU is stabilized, the 
difference of the throughput of CPU between this invention and the above- 



mentioned conventional technique is made clear. 

[0083] Moreover, as compared with a microcomputer without a DMA circuit, it is 
as follows. In a microcomputer without a DMA circuit, the data transfer between a 
circumference circuit and RAM will use interruption. When processing by 
interruption, it is common that 20 clock extent is needed for performing data 
transfer between a circumference circuit and RAM also at the lowest including 
branching to an interrupt handler, the return from an interruption routine, and 
evacuation/return of a general-purpose register. 

[0084] On the other hand, in the microcomputer of this invention, since a clock 
can perform 1 time of a DMA transfer, for example, there is data transfer capacity 
about 5 times the rate of a microcomputer without a DMA circuit. Especially like 
the microcomputer for inclusion control, many circumference circuits are built in, 
and when [ between RAM ] performing data transfer frequently, the 
microcomputer of this invention is very effective. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the single chip 



microcomputer with built-in DMA concerning the 1st example of this invention. 
[Drawing 2] It is a timing chart for explaining the DMA transfer at the time of the 
serial reception in the 1st example of this invention. 

[Drawing 3] It is a flow chart for explaining the DMA transfer at the time of the 
serial reception in the 1st example of this invention. 

[Drawing 4] It is a timing chart for explaining the DMA transfer at the time of the 

serial transmission in the 1 st example of this invention. 

[Drawing 5] It is a flow chart for explaining the DMA transfer at the time of the 

serial transmission in the 1st example of this invention. 

[Drawing 6] It is the block diagram showing the configuration of the single chip 

microcomputer with built-in DMA concerning the 2nd example of this invention. 

[Drawing 7] It is the block diagram showing the configuration of the gestalt of a 

single chip microcomputer with built-in DMA conventionally. 

[Description of Notations] 

1 50,101 Single chip microcomputer 

2 CPU 

3 ROM 
4,102 RAM 

5 CPU Clock Control Circuit 

6 Interrupt Control Circuit 
7,105 Bus control circuit 
8 81,106 DMA circuit 

9,107 Serial communication circuit 
10,110 Oscillator circuit 

1 1 Internal Bus 

12 ROM Address Bus 

13 ROM Data Bus 

14 16 RAM address bus 

15 Multiplexer 

17 RAM Data Bus 



18 RAM Data Buffer 
19,112,113 Quartz resonator 
20-23, 61-69, 71-79 Terminal 
91-99 Circumference circuit 

103 CPU Clock Oscillation Control Circuit 

104 Interrupt Control Circuit 

108 Flag Judging Circuit 

109 Strange Demodulator Circuit 
114 Coil 
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